;. e3et\6Tvw COWPCSI TI ONS AND WWW“ PPRESSI NG El.AME TECHNI CAL

FI ELD This invention relates to si on conpos M ons i ncelﬁlrjo%izng an
i nor gani ¢ hal ogen-cont ai ni ng conponernksiésiCl udi ng brom ne, | n

m:xtures thereof, and an organi c binder system Also disclosed are nethods
of suppressing flanes by conbi ni ons including an inorganic

hal ogen- cont ai ni ng conponent ancjmwmm""mmbl nder system generating a gas
by conmbusting a conposition and applyige t he products thereof to at |east
one flame at a tenperature of between about 160 to 1200C i n an anpunt
sufficient to su rPessITt he fIa BACKGRClJND CF THE I NVENTI O\I Fl ame

suppr essi on i s &Mt dAH ) ) t C : YH

chemical nechani sms. As used herel n, flarre suppre55| on" or suppre55| on"

i nclude inhibiting, suppressing, or extinguishing flanes. The physi cal
mechani sm i nvol ves heat absorption by the nolecules of a flane

exti ngurgeHMNICRINPESis | on sufficient to lower the tenperature of the

i Spl acemant of oysen can paRet St ehopRsfion SimB RGN 25y
Ge ge[) al iémrg_aam halhﬁgeﬂacbnfagﬁhgbnmpnnentihemding bircummgaisémej or raixmieaé ﬂhseoﬁﬁané aL ons
e A R e R e B
chem calofits hicBhtaffing AingAFhCR oh! AERRE BRAGAL I O
chain ?éeac |g?\d§lgm+dgﬁgg¢/gl%{%amc\%ﬁé%u§ rtga(]:rtl% onsﬂ og hygr ogegﬁﬁ)oxygen and
h%/dr ox;(;d;ysremj ;ge?dﬁmxﬁgm%aspfyaQuﬂﬁfﬁﬂgaavmmﬁdsntimsalnbepplymethFmﬂ?cts u}kmec;fbo etri ne
atons djsru ese chain reactions SO ically termpates
conbust 8 onr—@nameéé a fgneperatitec] bebyeep Rheut 1ﬁPaFPe1 %IQX §r1§§§ |aB’t‘i’uE'a‘iS’5€‘F‘P‘i’tttP es.

Fl uorin re assigned a value of 1, while the value is 5 for

chl ori dgg{guégggi for f“gron‘i des, and 16 for iodi des, i.e., iodides are 16 tines
nore effective than fluori ne/fluorides. -1 10 June 2002 WD 991 25424 -

and techniques are currently used for
AN chem cal or physical action, or both,

to achi eve fI ane rs6 hzed vvat er
ext i ngui sher eFHHﬁa u%(r}}tl}%gagqpel y by Sit}t1 %E Ofg%tglpﬂgﬁéﬂgggpti on.
Such nndmhﬁcaimeachmﬁsmm Asib$ed, hehome\flame sflppre&sm”@m “sip@oﬁssmn’éinchrde

f | ammab) %ld fires. Carbon, d,IO ide ( %and dry-chem cal ﬁtlngwshers
are in SYRPSTSE e §F “d‘u“é‘ﬁ‘t“é‘&‘ég gen Yé‘l&é’o‘?“ AEFHRY O

al t hou%sgx;p\/ oﬁ@?%&ﬁbi%c%%?bf:ﬁh!n}ﬂe kﬁg}g@o eBishinfaQlo Li¥iBn S6FHcAHLo wéfemebet ter

for use against grease fires are s m bi"car bonat e extingui shers, as well
as pot assiperatie a&fnb@mla;stmg entdrabsdelqrothadgiition boiotetriteatativelyrtyy t o

t hl t h . the.latt t I h
Pourdor cHITRAGHIEL T PEEPE el e SILRRI A ST AT GHFINet Pover amat her
conventéx%ghlsﬁméﬁ Rl Hicdasds ih Sizk (e hRAERoMRAd BbndsHtEdntamsdo. dovRE ch
coats flammable liquids with a chemical to |ower the tenperature or
el i mi nadegress pfeibratioppl fsedatm, Hmagﬂtf: hipless ¢hesyaponheat smatcmoag)m@rgr@qt@dhm cal
fi 1 Fi tect
nal ogeriseLirmeyah: Ui depite FEsBREN baRes Pl AUBIERGH W% e el | known

HALON fsapdgatioh chdin R cBOHRD RS 20 the VEROS rehddidsis of debgen, Gt geRUaHa
environnental |y deleterious, are currently muse as hi hl effective fire

suppr estyidorryhtpslinats mptayrpdmlfbmey It haStb&ﬁkgaecwla@déhat bmnps atmﬂjdlﬁ@at/shese

engi nes, Conventi o ent s rbon tetr ride and
FiC s, cha A R S PR SShePRER Sttt Rl 87 bie SRR al “anc
chem caﬂlarﬁé ﬁiﬁpr&k&l@ﬁ le@Sebi 10 1Es MPRIdAIAESIBrideblige 438ighkd @R/Elub b Mhm@m@@arulaons
("BFCs") that are simlar to chlorofluorocar bons”{; but have the

f ormul azseilaﬁevmndbs {Ovfrebeonyides, apd 16 foryedides; i.¢., iogl sarwtﬁzmms mpye  HALONS
nmust be & and pyrolyzed by a flame to 2 5 produce free
radlcals * rgggﬁeénggﬁfggé sufficient firefighting efficacy. Thus, HALONS
are fairly stable and tend to work best on fires with hotter flane
tenperatures. This stability results in only a 5% effectivity for HALONS.
As a result, these organic conpounds tend to have | ong atnospheric
lifetinmes and mgrate to the stratosphere where they undergo photolysis W
hen struck by ultraviolet radiation, thereafter typically deconposing to
give 3 o chlorine or bromne radicals that act to catalytically destroy the
protective ozone |layer of the earth, as Well as possibly adding to gl obal
warm ng. This depletion of stratospheric ozone allows nore ul traviol et

light to reach the surface of the earth, resulting in increases in - 2

WO 99/ 25424 10 June 2002 PCT/ US98l 24161 human skin cancer and cataracts, as
mell -as danage to crops, natural ecosystens and naterlals and varlous
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extingui shnment is unacceptable. Perfluorinated agents have high gl obal
warm ng potential ("GV P') and atnospheric lifetinmes estinated to be
several thousand years. Mreover, their production and use i sl®duns 22ng
restricted by pending legislation and liability concerns of current

manuf acturers 15 In order to quantify these concerns, hal ogen-contai ning
f1ame suppreQdttif?hgents are assigned an ozone-depl eti on poPERUEHI24{610DP" )
that reflects their quantitative ability to destroy stratospheric ozone.
The ozone depletion potential is calculated in each case relative to CFC- 11
(CFC _. trichlorofluoronethane), which has been assigned a value of 1.0.
Many CFCs have ODPs near 1; HALONS have hi gher ODPs between 2 and 1.4, 2 0
indicating a ;neater oaORfiedaRla8tAt®BnPRERNGIRarcldiiett]ly sddusflandag@rdsdion,
firefighting, or flanme suppression, conpositions that overcone the

dr awbacks of whishweatithagheraigelnrohysiceliasien sebotabirehicrs flamhe gipprassion. One
COOS! L1 oS ek PR e Cen R AR I AR PSSR bR L] ARUIGREIE S by
relatively NONt 6X1 ¢ ec rlcéiﬁy nonconduc®i ve, evaporate clean , ~and
have 25 | ow therial epenglyrabsorptidral Suchiaedels dridh6INGitatde, tHooegér, fdraye oredecttiba or
first four criterja, . haye long.atnpspheric. lifetines.and high .

ozone- depl et ﬂ@)‘ﬁmﬁbﬁélﬂﬂui‘%g?,s' °R O’B%? @lﬁ)ﬁ% @a-%?a&m C’E}E‘quﬁgerﬂfl%edﬂé‘é%d
above. Al t hobgitybicallp disgladd bMRkN aﬁ@&hfsomhbeﬁlfehérgy,fauthsugapmp_rcﬁ&ﬁicag tRgentys
havi ng one, two, or three of these properties, it is very difficult to

i dentify chelfeead eomrdrare resifd. tayradgleytorugy agausemease fiirescare sadiym picarbonate
suppressi on f, CE.,.., -1 L] 10X €l . I

cl'oct i cal, nornegis By o IR nr BB bt AR i SRR RS0

at nospher &%apgtasing chlorgatainguishertsj ateough twliater npeOdRye ahchvygoydéedy GAP.

Gt her characteristics are - 3 10 June 2002 Wﬁ 99/ 25424 PCT/ US98/ 24t 61
desirabl e, sEREisH TeadistBy PR LrRALS Clediird RIMBMSHo 5é AnHBsTAOnYEEgRalifHe t he
sel ection of cfiifogishGNt LiRGAARRFSF JFFRFFOXABRLI Cwhich BodtONhAmBb I GGLRLs Hith

hal oal kenes i ncl'udes sinulation or suppression of the central nervous
system i nit Flaaniiod tofoveatlel tamparatury bhelimateansdegenpplyi althougnthete arhaohear t
to adrenaline.. | ati.on ) s_hal oal kanes cause 5
bronchoconst?*@%ﬁgﬁfgfg &%gﬁ%u‘ﬁgﬁg¥§p5%%%PP ﬁ%%}gggbress respiratory

vol ume, réduce nean ar Ug.isamyadies @i Raseeheted agshiginbiCEIOtsaeduyeditha. Long
termeffects can include hepatotoxicity nmutagenesis, teratogenesis, and,
car ci nogeni cPYplorgf thseysioe v FLASAN Fimihpe!, SEPRFG OGP OB OBH A TS
stabl e duri antﬁuQﬁ%Q%r&{Pﬁje_n‘eh‘iﬁr RYEErid RN e Qm‘?x_fréxf?@%n e ds'Highly ek ive$te be
unreactive wth the contai nnént 10 systemin which they are housed.

Fi r ef i ght i ngsapesssionmgstts-tpapiaddriyyindenist ghes, dupsstroltegey atgitasmbeonaeniogs! of

about -20C to .50C and shoul.d deconpose .at.fla temperatures to yield
radi cal -trappi ng CPeés” A"V igents’ cont ai ni ng

i cal -t raphrRg et il Y e PR PR it BT FASIS I Cont af i
hal i des ar@ kmewiriflasrofrelhans U ©SSifsy; bah bhesi@hatd@ymidae fieit beipréses
effective than HALONS or |ack one of the 15 characteristics desired in
flame suppr e8$FRIAgent s as descri bed above. Some of these nethods and
agents are discussed b ATROCS SXABLE LS v 146k o
(trifluoroi odonet hane, qé‘gpﬁ% 'h%s I Ol’lgl ggengﬁgﬁgﬁl %%2%?%6?%%mi ng
potenti al [ Deldbiodharocadbn"¢anist) Opouthe $qrmBhea@ BayCleth dwhiak W=INen@, ¥ottkor Ip.

QA77 (1982)]. o, Bat ent ) 6, 963 di.scloses a.fire extinguishin
aent and. peERbETY G PRA) o BARUNS S R e Gt Peiigt Ba TR
m xture of3aptddasi BeandicalstRIROURS askkeChlcithamhitghg BBl @ Bus NATENRT Y

ammoni um phosphoni um and sul phoni um conpounds. ese conpounds are

di scl osed t oaiefairygsable ysterd (o workiiestrAndarss with hpirsifiene tempgatumst dhis s@pility

2,818, 381 di S yJ 3, qug r t L N@gujShi N i

reference al Z%Lgsls@lccfrggélsg /a%fge{cﬁg?rt} goarr y gr)fq?’e Agsx)g‘t‘{ﬁ%gtu%@% %%a%%%%@%?ﬁagﬁend 0

havi ng 102 5hd@ lpagstninsphericgifetiats andohigoate tadiht ktrospharetwienethhpundegedet ween
i ne atons 90-60 parts b f . a mxture of

one and two chlori . Wt i ght
br onof or m an an%tp{yﬁs VEREGSiTYeK by ulrt]rawolet radiation, thcr%ag{veer r%]xcalgl decomposing to give

30 . . . . .
chlorine or bromine radicals that act to catalytically destroy the protective ozone layer of the

earth, as well as possibly adding to global warming. This depletion of stratospheric ozone

allows more ultraviolet light to reach the surface of the earth, resulting in increases in

- 2 -



U S. 'Patent No. 3,779,825 discloses a solid propellant conposition having
60 to 90 wei ght percent oxidizer conponent selected fromsolid inorganic
oxi di zing salts of ammoni um perchl orate, the alkali netal perdilJunat2892
amoni um ni W@e¥254the al kali nmetal 3 0 nitrates, and m xt ur esctbeeefe; at

| east a mmjor portion of the oxidizer being of the perchlorates; from20 to
40 wei ght percent of a binder of a rubbery material; and from0.1 to 8

wei ght percent of a burning rate depressing agent. - 4 10 June 2002 WO
99/ 25424 PCT IMS&BIsRi&ﬂ.c&incdd.an ciataetst asNee!l 28, A0BgT @ trafissudtosbecagyfteme and

extinguishin osition hayin f flnel divid

conpound and fkﬁ?‘ig WéP\{‘“E?(gﬁﬁ%L?@e%F Sﬁlﬁ dﬁé e Cg%lmﬁ ?rqﬁ AP de
may include aie aﬂldﬂa:h to deplcad stra@osghenmba@swmrarbmdie@esm@ramaﬂ@ préfle@ithardiste)
or stannous or plunbous iodide, bromde or chloride, alt houqh pot assi um

iodide is 5 dhyrshieaer tladesd. praemsiqnakbrominatpdegens ppboBpmdale halrgengied
Patent No. g, %e%%pffl%g gyz%%#?o 0irdled Ho @oﬁatxlaepﬁ,dteﬁmp&,ﬁam@gtmomon
conposi tions of a thickener in”aqueous so ution of slurry'stabilized

agai nst t her rra”lthajre@nadatﬁrmncdjmdmd@ﬂsmwfct anip96f due to dhdietrgmefdogs poahiial to
i odi de and/ or |oda e ions.in the s]ol ution or slurry. The nethod and
conposi tion &1°S%0Y |S[[afgSFgle{lﬁgF R 'PYFTst abi | i zi ng anount |0 of i odide ion
sel ected from hydri odi cTiaGiosts 0@ FErRIbrRAbOKH Hehighdt, aldkyibir SidTRhtihd bedormance
ammoni um i odi de, or an alkali netal or alkaline-earth netal | odf de, iodate
i on sel ect ed if lesereiferdive, then Bosuehba baminserhassntsafn wElght ant vlyme griage!

anmoni um i pg K e, or a
conbi nati on gs%t%?[h %@hgeggér{ f[W?u(tﬁ}‘fe |(§ﬁ:fJ ﬁkh%%ﬁgﬁ Ef'ﬁe |o?qt chlﬁngﬁ is

di scl osed as aemﬁgms}nmmtnmrampmme uﬁrrﬂmrmlatedtaomﬂlame haght giobujh'aamirigqmtatreiaILS
concentration,, 0 3%i s ferred, .as er concentr t| ons, resu t
conver si on ofl ﬁgg‘&; and 6”?0681?%'@% IérPest‘%SH’é'arﬁﬁbog % Sﬁhertag g?ag JFEs %"o‘lséttéeﬂlt
Nos. 4,961, 86 raMetiibnARd #dels diss GRS Ge i8Sy ARG CENNATIH drANEbIIAY chidebBidfi ng
the combustion of wood and other &ellul osic nmaterials by inpregnating such
material wt WWGH‘;)‘@%‘#?@W@& ncluding a mxture of sodiumchloride, 20
magnesi um el o | de,_sodf,Umayl fakfir, L BT AhBeer Al AL Bfiession
magnesi um sul fate, and water. 03| on’ may~al so optronally nel ude
cal ci um sul faetoebxts}aoat assmwmswofnatdeplemai m:mnabhb@rﬂ";imat reflgete dicumuantifadte,
magnesi um bro e, a ot assi.um chl ori Sdo Pat ent. No. ?6 S%g.

di scl oses fir ‘lét)‘(tt? BioY KT AGSRIGHH 84915 §°6‘T“e WCB%H%te?féaﬁI‘Sectai%lﬂf“ e al

having dry paftd fdif8eb CRUTDNCUT DR QMISIEN etk EHanM) tibhigh WY ¥en AsHarlc@RBlahiend,
solid, non-flanmmabl e adherent, such as zinc stearate, to i nmprove”

f1 owability. aHed-piieny EFEs hatd OFRdngardnHadEANS heyethighsr &aﬂsﬁgm eshiZnapd 14,
t 2 of o o
properties mﬁJaLt%O£ Lr‘é?te?&%ﬁ\gggge&&@p& é%?ef@eelg trﬂ%r gteeéjgc?reftr;f?ﬁ ﬁﬂ?‘aégé%%? 5

ozone depl etion properties I Sperse herel n.

di scl oses a fduppesaut, |cngnpbshomughpxym@tcemhm}nscdrbnabyeibhgomnazmdmmdgadsra)s deutedseds
a glycidyl azide polymer (GAP), an azido plasticizes, a solid 30

tetrazol e, antpoye ‘perfluorocarboxylic acid salt cured to a rubbery conposite

by the addition of an 'ﬁ?&%ﬂﬂﬁc@ 60&19@5%&% WF@@eSHXL@NSl Wuﬁi%ef?&npé oduce
primarily nitrogen, carbon dioxide, and uorool efin. - 10 June 2002

U.S. Patent I\mtmsulsﬁzausmatdletxm@s@sc,al@mcaw nensoidughHrg ey andryes@faaly, and have
or opel T ants. ' SR FIoTar FaRF I e atnanS A Egudhs RETRH 0 Bk 8RR on
potential. TheagAgsphsid lifelimdeand hxoh ozone-depletion potentials, and are being phased out of
use as discussed above.
Although it is relatively easy to identify fire suppressing agents having one,
two, or three of these properties, it is very difficult to identify chemicals that simultaneously
30 possess effective fire suppression performance, non-flammability, low toxicity, cleanliness,

electrical non-conductivity, miscibility with common [ubricants, short atmosphere and

environmental lifetimes, low or no ODP, and very low GWP. Other characteristics are

-3 -



| east one fluoroi odocarbon agent of the formula CaHoBr~Cl dF~I fNgGCh, where
ais 1to8 bis05to?2;, ¢, d g, and h are each 0 to 1; a is 1 to 18;
and f is 1 to 2. This reference also notes that conventional 10neRe202

wi sdom i ndi cates that iodine-containing organic conpounds are too toxic and
unst abl e t Qu¢iseshar these purposes, and iodocarbons have be%f]gﬁfdlg%lts?d on
those grounds by the majority of those skilled in the art at ent_ No.
5,626, 786 di scloses a class of fire suppressant conpounds 10 having |l abile
brom ne atons bound to non-carbon atons that are alleged to be nore
effective t %armwh'aétéduewto;?&g @hick w%roﬁx%% hafbr fidst& i T basionrpounds
are disclosed to hydro yze or oxidize rapidly in the troposphere, thereby
havi ng mi ni fatfi g aBsdudidremamples e taxie ¢ffecOBH, halpatkeneshoeludepsimulaiemenl

ef fects nust_be bala ed a nst eff ctlv | a [ on to achlevea
superior fl asﬁgprgﬁboﬁlrcgggﬁ Qfﬂgra]lS“ TP SET ?‘P’oﬂ‘ 151‘\8“ g‘g‘taﬁécj)ﬁp %ﬁ#‘ggu 1%r e recent
convent i onalsehdi@A8os UPHE BE&t DdeHARAS | InhalAGorGR sl helsglttahdstat eshsezone
depletion potential, it is typically at the expense of fire suppre55| on

ef f ect i verredsorshosassineEoBTEdUSE eRlgyenamtfeFplighes, ARRIEFS ExPEAOTY Yplug, reduce

envi r onnment r t S Ja d use
t her eof , ch’t‘ aﬁ;&gh@éﬁﬁ&&pr%@?@ %ﬁf ?&edscgs%cﬁyg‘?élgc? F@etr?gg??{e ét'zsitr?hlpl—&fgi\ft ype
agents. "' ? lﬁbNMARMtt@:mtmaEﬁdeNVEWt@héﬁheandnﬂemmgymcrtEl ates to flane

suppression conposi tiqns, havi i.nor g anlc a ogens cont |n| onent
i ncluding bromne, io ngm&re irgﬁ]gbglafg S SO c?h%tﬁ‘cé’ﬁ Q@ d%“ﬂ

system havi %&)r@oe}mtus@f)\écr%x{mﬁdngﬂs of tlrh@?aﬁd Hl@ﬂbfﬁh@b&ctl?@@fttﬁ&ﬂté @Jnta/t\ﬂi}ﬁérﬂl n the
conposition is Solid at a t enper at ure bel ow 100C when, cured and conbusts as

a25te Ssiem ipathighdhevigotovssd] JoobshivngrasatcrushtypicgHy br sipblsfonsiosade dn
products ca S 3 T

Feacti on progipraticHEREEH A9 B0, (IR HB0R RRRMEEL! Al RRpEkreBS el
subst ant i al IrgdiadldrapbinkRpediksl ogen into a solid formafter suppressing the

flame. In a preferred enbodi t, the inorganic h ont aini
conponent 30p| ncl udes ‘hEHTHESPLANCHIAENT feent %’P%{’é‘g?ﬁﬁ‘? ﬁ?%ﬁr&t OWB o Q i um

i odi de, pot asphrdssid0dRidhch AMITIE amebre@mﬂﬂ&mammmwmbs QABIcR on@BNMBI UM

i odi de, ammoni um i odate, or a 6 10 June 2002 nixture thereof. In a
more prefer rabdragiepeiis desited ie Flame sepRiessios aﬁarrt@gwﬁser&ﬂdabﬁmgs%m@%h@ﬁt is
sel ected 1 QMAAR SHOUROLcRALAIEA HIbLOFB ExarR! B5E hUMBH QIR SronPO! aSST UM
brom de, anmoniumi o amx ret . I'nma pre err enbodi nment
t he organic (hhfﬂld)@dsto&}tﬁétﬁiﬁeptl:' tlhbasdatg)mhMGNn itmh:dvacfesﬁeﬂltdngmdenmﬂe{s)uamom‘u;at

her cof | a clkBre Cameler: Cirabi 1o s ittt S0t BRDT and @

plasticizer present in;gbpybndd, bqJé%wsatates&eﬂr@@ﬂtnoumﬂto%o@nctﬁan@emgamc
bi nder sysgem has a heat of formation of |ess than about O cal/g. In a

preferred enbadorembumigamarganyich fipmaseduepd b mmritiurarira liawd erfescompauedst
one of a Curéeﬂegteg prr?&qh %?aqtquargt%aglh &1?1%2{)%05&15&1?%0%& sﬁ&)gofﬁgma

scavenger. | n another pre erred resin

car boxy- t er ndonglofdg ahiebdidtonttionnds arpdisyletduytb emsudyl arcoiety qfdirgfrprdapyrhcbméldes.
gl ycol, hydroxyterm nated_pol but die pol ybut adi_ ene acr %ﬂl trile

pol ybut adi ene acrylic &di RaeHi¥a2 869?&‘8[*‘%6{‘2‘?‘ ba%l’f“é‘ﬁt“é FytyIeyEBing
adi pate, or g ttuetaerten@era%fdtsa&e@arwtﬁé‘r%m}eﬂreeemegttgtﬁﬂg cor{flﬁ@sttﬁfn%mn‘a 10-
bi nder systemi's present in an anount of about 4 to 15 Wweight percent of
t he conposT t4bpartsiby vecigivoa phlefcedlﬂgaroemﬁbmeri@mnp btéh‘e?en ofe @m@a‘m chidgrineder

systemis present .in a nt of Qu to .of the
conposi tion. éa[Prr‘ﬁls’o“nléh %(ﬁg%ﬁ"i’r}%e t % g }Pnt Ol%a léﬁ”%cr’tf p feﬁtyﬁ ro 1ﬁ%osi tion

include HzO, CO and aJIsaPaaam&gmajsns ﬂg;ctaycsparsadu@topaﬂa:tttterr@bﬁu@t Baliect ed
fromKl KBr, |IZOH, Kzl, and a m xture thereof. |In another enbodi nent, the

reaction profitor weightingrognisQuidizensomapnsat stleqiedEem $0Ld HEEsapiq Qdigiag salts of
appl i cation %rﬁm%ﬂ%n{j%/%o ENfe! aﬁ‘éﬁ%étﬁlﬁle&hﬁﬁatﬁ@F%ﬁﬁu&n?nftﬁié‘%%tml metal
suppressi g anes con€|h|ng an 1 norganic ogen- cont al ni ng conponent
havi ng br om méates,cad mxtuners thereafxtueast 4 inejoe pbrticand ttermxaigabenghif doer syst em

havi ng a heat af for | ess t han aboyt .20 | ./ o fo sol
conposi ti on, pegrgtﬂggaglsi 38&?6?&6} pg?er?ggﬁg'ingﬁ”’% abh??% e&"r{t‘iﬂ‘gﬁomdgto
conposi tion 8me?thPe@H@%FQBﬁh@térxtegﬁﬁx%%ﬁg ignMm wherein the reaction
products have a velocity, and applying the Teaction products at a
tenperature of between about 160C to 1200C,to at |east one flanme in an
anmount sufficient to suppress the fl ane, v&terel n substantially all the
hal ogen is solid after suppressing the flane. In one enbodi nent, the

gaseous reaction products are generated by 30 conbusting the corrposi tion at
a terrper ature of about 160C to 1200C pr| or to appl i catl on to the at Ieast

oy R T B o " S o g,



10 June 2002 the reaction products into the flanme. In a preferred

eénbodi nent, the inorganic hal ogencontaini ng conponent is selected to

i ncl.ude potassium bromi de, potassium bromate, potassium i odi d40 Juoe2082um
i odat e, ammpérygrps?f;“om de, ammoni um bromat e, ammoni um i odi de, or anmmoni um
iodate, or d nixtufe thereof. In a nore preferred enbodi mentPCHHPEE4161

i nor gani ¢ hal ogen-cont ai ni ng conponent is selected fromthe group of

pot assi um i odat e, potassi um bronate, potassium brom ne, ammoni um i odate,
and a m xture thereof. .l ot her j t, .t rgani. ¢.bi nder system.is
prepared by conbining aU'gi ﬁ%‘é t@&eéi‘iﬁe’ggﬁ g'galoseeés?[}%gn)ég%&rlsﬁ‘ﬁngg ﬁmfgéﬁ%énrtr‘%mtng
cast binder, saixwatedfibénderdeddluminiindonipduhdeidcaf alkai mufagistantopr@piunhbou
about 1 to 3 weight percent, and a plasticizer present i.n gbout ~ ,d10 to
30 wei ght perR@ff, Thners haltdﬁ@a@;rlg%m@w%bme%ﬁgtgerﬁorﬁawa ipgs, tspmide, or
formation of ligsRic! ofaRBEUS: gg%rﬁ@ddsgodi&é? b?ox%_%%msﬁdéah@&ijgﬁ%tassim?ogide is

organi ¢ bi nder systemis sel ed to further include at |east one o

curing or bondsaesed e preferediirivex inthntompesitégraci fi er, or a scavenger. In
anot her preferred enbodi t he  bi resin. i el.ected to include
carboxy terminated pol %gf gﬂf’ﬁk; 41%?32? ﬁ?ﬂe%hgo’é%‘i‘fﬁl?s_eﬁ%f)‘?sofﬁwrgﬁ%m_’a and
gl ycol, hydr osoypositihiét Llickenepd yfudb@ioftidn o syt taddized egAsdt Yiepmat ri | e,
pol ybut adi engld ac;@y{f:} cb aplﬁé_ butface(gfe, al c(gcl %l%@ﬁ%dl pa/t e,c@ggalt_ygl_y(r:}gl

adi pate, or a®SFRELRECY HEMEGR O 1Y HfoYHELY Uit G [T ¢ P groduct s
are appli ed | B AR, THE HleofMhd bomBYGhAOMSRHAE 2 icAREHy L ifARk AR oun
enbodi ment, the reaction products generated are sel ected to 1nclude™H G
CO, and a hAl ofjedide mmtsalenied Fobyhydriodisatidodmmhaiugr iodjsesel akyledb@outed om Ki |
KBr, H2, Kzl, and.a m xture thereof. BRI EF.DESCRI PTI.ON,.OF.T DRA The
oresent i nverEiB HEy P HA AL SEPLEE) Oh AN TG00 By O B G 18 e ca fom
fol l owi ng fi giddRscidFhfenodiubl lobfk raat@8, 1 duskeivitéari®ediuhDiod ad Usi@ntanaiivatecdrt y
and direct the reaction 25 products of the conposition into a flane

accor di ng to #kdingreaslefretdl pdeist ronconmimtion oAthd ipdide pad wdatgnorermrauad: dheone
end of the deyjce: of j bN joRN FIG 2
illustrates al\s? %g\lﬁ%}sg{é&gﬁ%{?%g@%t 528%1%&&? E%P({ %%g??i%"h\égﬁ% a‘ie{%? ég%q%f the
reaction p}adwnt:cmmhom he td 0.3%8s srefpredsas logher oompesiritioms rashilt il eonyessendf iodate

i nvention. 30 DEF@ILED.DESCR % | ON OF THE | NVENTI ON 8 10 June 2002 The
present i nvenfilSHIRQGT §853Rd FPBHABRT al | y adverse effects of HALONS and

other flame suppressingsggeats Nuy. PoONE6H 5 €950 4 10IRMsedthaifagd hi ghl'y
effective flame suppressing conpositions that are also clean, electrically

nonconduct i veSomHoAitABa foy inhekiiies e caumpbyition g ord andpiher ¢edlgjosic materials by

ext i ngui shabl h . 6 Sqlkfeti T :

i nvention c?r%?@gﬁg%\éﬁln?[%# ﬁﬂgqgﬁggngﬁgﬁﬁgcrﬂé%égglrrlr“g%lrrrep%gsiofe {ugxﬁalmr}]nc Udi ng
a conbi nat f Onmegnesinmi ahdsrgrniod unakud Ged) sednmdiordta gakcanp oireride, angnesilon ndkate,
system which is't%{pi al | or.gani cin naturﬁ,,.i a solid format a
tenperat ure bEIIRFFoIESFABROTTIEY2Y AR ORUBEBY Ecbide calrbirs iyl aptagsium sulfate,
t enper at ur e beiuesRhHRPEANIMILOGH QUKL Ofadi@siBhaAbGficAadd pht@kiuhyciiérideact i on
products for application to flames and wherein substantially 1 n, all the
hal ogen is in a solid flofnPaeatdyo. S6pA8E displgsasHie ek amashingecomnosidigns of low
nvent i on al sg,q GLACES A JBLNOOac0 URRLRSSE NG ARG BYa CTRAY 0, Al

i norganic gsl ogen-containi ng conponent including bronine, iodine, "or a

m Xt ure th8reepelliagidond) mohghunintabld sdherens yedheanziva\staagntd th &aprooé fib@atsitityi. ofheof

| ess than about ,200 cal to form.a solid. conposition d subsequent |
generating a PATFE 3! eﬁe%g ephanes ﬁhSﬁr‘bF’t}Hl%tsgmlgrpé?ﬁe(‘I’Fé Oégﬂ%%fwr%ﬁr ORS %EydIS

subst anti al | y,AGRANE ph@Iiihs hafiHe AP bYdnRdepBord GBFErtie wRECA s dRherdin,
tenmperature of between about |60C to | 200C to flanes in an anount
sufficient to suppress WitePiitrins 5,52A826drsclobes a faand ¢xdimgpishidg pywtehaic
converted by the flane ar. conbustion sq that substantially | .t he. hal oge
foin a sohiodﬁ%%ﬁn s Kind o b Py Bl R U RO emtaomlislizft Wi
conposi ti ofi “byetreid) 4ad b @BrilubrdcRBopylRSR IRt @Lired XY § Bibbea/] dd fie B} theradtiyipes
of conbustion 20 may be used tQ generate the reaction products. The . .

i nor gani ¢ hal Blarisecyaras Mrhrredeaslyrficfegiates ihprogucsaimariin idiogen gagben dioxide,
typically an alkahioBakhge, which may either be an oxidizer or an inert
source of hal ogen species. The conmponent is preferably potassium or

ammoni um conpounded with brom de, bromate, jodide, or iodate. Mre
preferably, the inorganic hal ogen-cont ai ni n% ‘conponent 25 contains iodide
or iodate, and nost preferably the inorgani c hal ogen-contai ni ng conponent
contains at | east SO wei ght percent potassiumiodate. The iodates and
bromat es, which form oxidi zers, are dense materials that typically form
free liquid prior to curing wwth the organic binder system The iodides and

. . - o o o o



9 10 June 2002 WO 991 25424 PCT/ US98/ 24161 typically only used in | ess

t han about 35 wei ght percent of the conposition. Larger ampunts of

pot assi um bromate in the conmposition tend to cause rapi d cond@stungr200Rat
renders the conposition | ess effective as a flane suppressant. Potassium or
ammoni um i odat e, however, conbust relatively slowy. An increase in the
conbusting of the iodates 5 may be acconplished by also including a
conmbusti on accel er ant, 2 02 W

501 25424 PCT] Usog) 2A0F EF‘QE‘O@S%?%%? 1‘95&55&98“ ‘;f%gv‘é%'#ﬁ%“i#‘[ﬁo@

Veasur emenionfiamintad]eg tovi-tindi ciorefragegaras) doh’pﬁts,rlﬁoathIMng hgereg prapetianteamid| v

under st ood bé t hose of ordjnary shill in the art. The binder s~~stem used
in the confESpRnBRERRIst PB%quif/v Rpvg aqiozongrdenleliqn pedential. ITs‘éFéf agent inglade ator
binder resj toﬁ@ﬂu&o@d@é&rb&ﬁ& t o8 (infIE L Fi R _ng'csld@ﬁex@talt Fask. P9 of
5 a curing bin Cast binder, or solvate Ader” “or ‘a m xtur

t héreof . The; bid)geindly siceathrayo & siz i todI8yael Hisd tor2. ﬂthlserefe}emecalsbmng:smltat

bondi ng agent, an ant|OX|dant an opacjfier, or a scavenger, such as

i t hi um c&oBY¥MioRal chemiisal Wasgont indisates At doding-CQINUNIRE ORLANKLOMRPURES WA tormy

i ncl ude h l;

(17D taf CEanf ihfatfe 436V BRY, forbiss, i iddock AN BRI RIN A bRy 1y
di neryl dlgrsmmﬁa@alteméjaat)) of tophekiljddintthene di i socyanat e (~~fDl),

napht hal ene diisocyanate (NDI),_ dianisidine di | socyanate (D. 4D ), phenyl ene
di i socyanate (PDI). byt Bﬁemdﬂ? Soedpafif disqlaarpr Flashefiiie sHPRIEsantfoatoynds

tnji socya ncti onal
|slgcyanat gfs%ﬁ% laﬁa}tleﬁnﬂ%bdree t g?g%rﬁﬁ #ﬁg%g%&&&ﬁ%ﬁﬂﬁ%@gﬂ%%ﬁao gglr.{%a‘%eeded is
general ly affet@venthae HATYON N21 Hesd 13 stsopprbssorpefirey. Diesse eempoungls arer dikdlesed

bi nder and 5 curing agent. The curing agenf is typically present tn an
anmount  of teﬁw ralyassntmé%e repidinia the V?P%Pbﬁi?’ébtréb)bli’%f@rml%ma @BP- the curing

agent s present fraiBaabett otoxitht OBROM oThig ey e ALRRACIAARMD, | S Used,
a cure catalyst is pre erably 1 ncfuded’to acce Pérate the cunng reaction
benyeen t helanbeddgamsbefiicteive Alathetshppressiorny aabient a sdperioafihree Rufpression

cat al ysts may include alkyl tin dilaurate, netal acetyl acetonate, triphenyl

bilgmut h, r?ﬁF’é’PFlEO’éﬁlPﬂxH’FIhéré Mﬁ)@ﬁé%mﬁ? peeicoByentopal flamesupprassion | A
preferr ed c%le GSlﬁﬁﬁsaﬂaXéta?ﬁ@vmgﬁg eo‘?lggigﬁl@tlorp otbRti ANt IS@E#W:H%C EPehkeOf

tri phenyl ICc an magnesi um oxi cure
cat al yst, aﬂlﬁemsuwmstonsffgan&nedsloy vpmﬁicrknqrnﬁhmMe Becd dxistOfod ana by

wei ght. 25 ~, opaC| be used in the binder syste ener n an
anount  f r GRYEBHENI! YO%@BW n atasaﬁpresmcqua nea@plag thereat, thét bon

bl ack. Antjeg tﬂ%@&ﬁpr@&}’ox@éfﬁe@tlb&egémqn 'H)AtLd?ﬁ tg;effgat {son. Suitable
antioxi dants may include 2,2'-bts (~-nethyl tert- butyl phenol),

4,4 -bis(4-nmethyl-6-tert- butyI phenol) or a mxture thereof. The anti oxi dant
i s typical ,Mmﬁ up about 0.1 to 1 %by 3 0 ".eight.
Vi R‘et her m T e included, the binder systemas a whole

The invention relates to flame suppression compositions having an inorganic

halogen-containing component including bromine, iodine, or a mixture thereof, and an
organic binder system having a heat of formation of less than about 200 cal/g, wherein the
composition is solid at a temperature below 100°C when cured and combusts as a

25 temperature between 160°C to 1200°C to produce a plurality of reaction products capable of
suppressing a flame upon application thereto. The reaction products are affected by the
flames, thereby converting substantially all of the halogen into a solid form after suppressing
the flame.

In a preferred embodiment, the inorganic halogen-containing component
30 includes potassium bromide, potassium bromate, potassium iodide, potassium iodate,

ammonium bromide, ammonium bromate, ammonium iodide, or ammonium iodate, or a



typically has a heat of formation of |ess than about 200 cal/g, preferably
a negative heat of - 11 10 June 2002 wo 9sns4a4 PCT/i 1S98/ 24161
formation, nore preferably a heat of formation of |ess than alfodune

cah' g, and nost preferably | ess than about -40U cal ~a. Binder systens w
~ith log; heats of formation are desired, as they facilitate flane
suppressi on by absorbing nore heat fromthe flane and the~~ al so have

hi gher t hefiggke @Eﬁtar'mtayma ﬁgémwanwamleﬁn%él%ﬂghﬁ&%men -cBhaRRS haVI ng a
| ow-er 5 heat of fornmation en conbusted With a propelFant are t

pr ef er r ed comporidneis selenidd thonptheguap dfpotassibinaiodate qmussrahubnemate‘[betahmmder
systens p%eferred al so tend to _be chem cally_ stable, such that hey w ||

not react PRTEIAC.ARMOHBMGadate, and RagsHIe BisteofnimyPreEmse dHP?rBr £OT838E as a
flame sup r I any
such resi ﬁfﬁgl?/%{gemaamgt\?v ‘?rﬁg&ﬁtl&hﬂé %{ﬁlghgﬁgghgg? ]8 ? %??rﬂar??%brllh&%’e{\rllgl?al
pref er r edciyt bihders sdlVated bimder, of @ Iimﬁmamhbﬁ:pf Gatubadiv'y present in abemi Iptol 3oeighidi ene
(CTPB), polyethyl ene g{l ycol (PEG,, pol pro&yl ene gl ycol PPG%, i

hydr oxy- t BFFHaAncR PIaTtikrer REFSetdn phonbpy fo 1t BIF @RV B P tBe PEEARICe

PBAI ~
él ycol r ZB.ZI g:gk%%&&gﬁa%% %&gf&fyfbhfat%ﬁyog%s?lﬁ?ﬁ)ag{) Q‘Ud( ”%Q?}&gné%é}nggt I %Iléﬁlt .
m xt ur e t liereegdnid\bindauysterl futtherdacladed anidastagleyd @ curingoebdntdingagedemnr esi ns

that are 15 desirable fgr use in a binder syst m of the_ present .invention)
as they tBHPHENHENCRATHIERPT § SENENGSHe ANOMFT i) e W e bidET TR o

o opri el Lok HRREASE b0 SATEAS pbiyeiRylen? RBc bEBIoRFIenEBR0l hilfor
sui t abl e femiminasd Iioh‘g&mmm&de polihdtadieneraeadoditrile, pdéybatadisheayrybio acidf butacknnar y

skill in the art when sel ected according to the t(fachi ngs herein. 2 0 The
bi nder sy8bephaside adipats, pelyglysokadinale or pHKWss theret-esent in about 1 to 3

wei ght percent of te

Bl asti ol zer .t pi oy PloRAf iRy MK it MG EARIA o phel el it |
organic boﬁzdmnt 4$ys1eweighhgerban bf thefcofnpositibn.om £ mord prefeered atnbmdm&mtl the

pl asticizer nu al so be factored into th heaé { formtion of t he bi nder
syt em m@%a?lﬁi@ndgf Bysten ISRIERENt IR apIoNst picabout 8 {9 thwaisBlper et Pf hsw heat of
2 5 formatdphosifon. be used, such as triacetin or di-oct}~l adipate (DOA).

The curative nust be sim I arly selected, such as isophorone diisocyanate
(1PDI). The heats oln cfrmremimdunermithseaaenm pdedteof thd compdsitisn impludetH ps, and

pl asticiz rs are, shown in . Table el o TABLE | : 0 roxi at of
Pt | orCoh a8 PSS, it 08ty e ke &R selecied fom RO TIE K oo £
~ Functi Oﬁ’nd' a thixture thedt!NR arOHE embldi WW%QQQB%BQ%%m&%IW nat ed
pol ybut adi ene ( CTPB) - 16Bi nder pol yet hyl ene gl ycol

(¥EG) - 1, Ogﬁsvus(mé)pndnytprapplﬁaenatcgthydbme( PPG) - 1, 090Bi nder hydr oxy-t er m nat ed

ol ybut adi ene (HTPB); 16 to. +3 Spur ar i nder ol ut adi ene
Beryloni tri1e (PBA THEBMPRIR DS SR da T ok of SIPERBE et by Eombining an
( PBAA) - 84Bionsharchial ﬁ%@nﬁﬂff@cdrﬁ&heﬁqﬁuﬁ@h&ﬁﬂﬁ' iyaﬂfegbﬂ/@ﬁhxtaze tlereaflap@t e
( GAP) 340Bi nder pol y ycoI adi pat e

(PGA) -1, 2@0@1gadebmdpamthmhanyl®®h¢aagf fosimatienlpf lesst then aletiup30@ cal/g to form a
(DQA) - 730 StICIZ. ris one dii.soc te IPD 500 rative.20.
Cror o f s tiampoifon P PRling f el S FARiBubraiiay Eom ek aphytudied T e,
e PGA tédbﬁﬁﬁﬁdlgr Og,ra 9&dls Tavim, Wherdif theréadtidh rodiR s Have @VBIooRY dndapping the
formati on of -2 0 cal/g. "The conbi nation of the inorganic

hal ogen- c@mtmnmrn@lmpdn@mramnwﬁbﬁéwmutlﬁﬁ Rderl 289'<E tmatilgast erg flame

produces % al}luatr)rpo%li1¥suf‘¥101en t8 shgprggttﬁé hame vt/]ﬁ trel(rzl%{}bsteantlaﬂy aH %heeﬁjalogen 1S sorpl

after suppressing the flame.

In one embodiment, the gaseous reaction products are generated by
30 combusting the composition at a temperature of about 160°C to 1200°C prior to application
to the at least one flame. In another embodiment, the velocity of the gaseous reaction

products generated from the composition is reduced to facilitate directing or channeling of



reacti on products capable of suppressing flanes. 25 The flame suppressing
conposi.tions, when used in the nethods of the invention, are conbusted at
t emper at ures between about 160C to | 200C, preferably about 30tfdune 20830,
te produce an effluent of primarily gaseous reaction products. These
reaction products typically contain H20, CO and a hal ogen-cont ai ni ng

by- product of the group selected fromKI, KBr, 1zOH, Kzl, and a m xture

t her eof . 3 i r i : i ed
bl ow t o Spsaca AL, G e 1 o e BRR) Rtodchl M RoRan FAREEEST pe
of hal ogercohtaininlg compdrenhialselgeted tominchidaipogsdiympradidet pdt3ssiumd Brahome, 2002 WO
99/ 25424 PCTI US98/ 24161 depends upon t he igor ni ¢ hal ogen-cont ai ni ng
conponent Rofassiuyiodides patassiughiodatspppmeriughbro SMMYRUM-pRIMALe supgRenIum
reacti on Re@dl G SmoldHiGialiddad, oY Hixke BeRRRI fr HBbRGIE el b B e
exiting the area where the anme suppression conpositions are conbusted. In
a S pref ennagadohaldgereadntaining corlponeritys seiectdicefrgn sleogroup efipstassmmpiatdtest s i s
reduced to facilitate directing the effluent to a desired |location in the
flanes. FACRSRAMAremals, PYATEHD B’fﬁ’é‘i“e’rﬂ?ﬁ?‘@}‘mdag‘t‘% 9 agppdwe thserfrmy be
readily selected as I : et J Lbolsc | I reduce
the velocity of the Igggbtgﬁﬂer{?%o@gg;ft[ t|htg é)tr nt @ﬁg%rszééthlk%%bfgp 5%ﬁ3§5g?%%ﬁ{i% t he
flame to hebisdsp pesis sl ledsheneouaimg|bindef, naelcaviinterpsull atsdi binded, or aadziue: /
shock tube device 1Q is illustrated in FIG. 1, along with the relatjve

di mensi ondheraRly @ e¥ratiye prepiin sbayhite,d weight aereerty and HRlARIGIZEr PRSCBIGABOed

C ositi J f : j 7 . Kk
FOB6°= " oD B0 L BUTLAy whiii GECHAL Bk Sy bp A OM MAUDR SR,
conposi t i shencabdur( s414y. | In hpreferradembodili@ni, thesorganiv bimdeosyalendiselested s of t he

shock tube ~ are described as nmultiples of the diangter D. For exanple, the
| ength of Tipaer dnplidecat depstanerof apupae o bandingaeesh a8 Antipxidant; HLORRHIEER D of

the throa G i1l j : i ! rom
the end wishenfroly plbthor iSehed ERbAnERE (e A redil s AR bideCartbuld OF

nor e devi camitaedpalyieuthdiend; polyesiyiene glycolppelgptopylent plycelp hpdrek y-fyminated
conposition, in a preferred enbodi nent to reduce the velocity of th

rddction ;?Pb’(?ﬂ@fi&e“?’d)ofbél%‘i“}di‘?“&taéry HiEde. iPRlybuieeieng 26116 ACify Bty dohent
and in a ' Frection 2 0 of the effluent
to the flg?rlg?%%{?ggbﬁag%ﬁ%r@ i}mgsélziolf ?Hll%ﬁl%e?ltggraergf wi th know edge of these
devices is readily adbheother epgiodonerd, thar¢aabdrepudduits erefapplied & an arhourite
present invention. 'hen the flanme suppressjon conposition is,conmbusted to
Porm the BN e enish 0 Sae loabme: S hEimen, egR PO MR BRI
primarily .fagREU th %cﬁ'ﬁde'ﬁlﬁz@,rm%u@mal?fg@mé%tﬁinﬂ@bﬁg&hh&%fttﬂe tlaep Eliadted as
with conventional flane suppression agents, i.e., 25 typically near the
b30t om of fromeKd, KBk H,,TKd, srescmiddwreghareefct s of the invention typically enter
the flame at a tenperature of bet<v een about 160 Cto 1200 C. Wthout

wi shing to be bound by any particular theory) it is believed that the
reacti on NrIBRGISERIPIONOF TOBRAWMNGOCk the fl ow of oxygen into the
portion of the fTane. Flanes are believed to involve a conbi nation of two
reactions: {1) an efddepresentiipvensianmayrbetrhere cipady vaderstopd by refdicoet © the om 3 0
a fuel; a?&l&\%}l ?in exotherm c reaction that provides heat to the

endot her ni ¢ reae g%‘ﬁf' where the exothermc reaction is produced by the

reaction of free ragiGal flusirhtes 9 ¥¥@euseBYo RIdayé teR@locitPand adedt @hesrehdtidnhe
formof |ow or neg]atlve heat of formation reaction products, - 14 10

Jédhe 2002 pwgugss/of theempositiondyg/adlpmse accprdling tedbamprepeny émention;i s bel i eved to
suppress the exot herm.c ction a er | 's f radi cal s and
oxygen to react. Thg: blrr%?lﬁuasir?%ﬁa%? n‘i H%wroerpé)tg? i%%gfj{hgéﬁgtcg Ogsﬁ{"hlegb:;&@éegnt

i nvent i ontyvhehprédsydater®onOidier conponents required for the flame results in

a slightly exotherm c or endotherm c reaction. Absent the heat of the
typi cal exot herm c FHac? illustratss & Agwidiegramof gilamecand dhe ipsertion and gifect 8f dhef r om

t he fuel | - r £ S A i 06k QF : .eactions and
conditi onges‘irc {el%%bgga? ggmrrgi n aelg?llp ggfﬁ%'?ré%(gﬂleo%oougﬁé %?:9‘{ télwr%ggg ‘ion products
o0t he pr ®RIAILEDN/PESCRIPHION QFITHEINVENTION | ane, the flame is suppressed
and eventual |y extingui shed. The discussion above is not intended to
restrict the invention to a particular enbodi nent or narrow t he

interpretation of any terns herein. 10 FIG 2 illustrates a sanple flow
di a~-ram of the reactions believed to occur in a flane 1~. There are
generally two zones in a flanme I ~, Zone § 18 and Zone B 20. Zone A 18 is

generally ~; here the endotherm c reaction occurs that splits free radicals
fromthe fuel. Zone B 20 is generally ~here the exotherm c reaction occurs
that combines the free radicals and oxygen The heat radiating do~. ~~nward

— - o Y. — A A~ . a - o T



Fel | owi ng suppression or extingui shnent of the flame, substantially all of
the hal ogen in the reaction products is converted into a hal ogen- contalnlng
byproduct that preferably becones solid as it |eaves the ~~ic QQP?ﬂo t he
flFame. This solidification is 25 30 - 15 10 June 2002 W5 991 25424

PCT/ US98/ 24161 believed to occur as the reaction products leav a the flanme
and cool, thereby vastly decreasing the toxicit~~ and ozone depletion

potential of the halggen in the hal ogen containin yp oduct b nsuri ng
solidification. "Subd€Rneserllinyentipnaveyds f}’r?eﬁn(‘fﬁﬂ%ﬁgﬁl feifff?%'é ﬁer einto

V\rrzﬁgh?t pla????ﬁg goﬁng?gla%f?;?;gﬁa%ﬁ?%g?ﬂ?bgg?&g@ﬁg M‘Sg&mﬁ&ﬁﬂp pet’gggl&of t he

fl ame suppfestiiedantosuppresting compdsitionstkararesalgpeleas bmntrrcamansndondm(tﬁr)a

the present, i nventions are defined to include, g nposi tj ons  t hat |nh|b|t
suppr ess, MiRERAY texiciahwarssmopflammeble-(slfpuingpishatle)y and have sheri@imospheriaic| ude
al OXIda i ns of
(hs pr esoniiine; il Bsent R oI RAPRYEE Wty Rh SRR pp s So B p R
however, ftfdudings easrhbmamnoeﬁ dnl inorpanic dajogeh-conthiningyconifonetti and adgadansysteony
entional oxi daf | ve- tlg, flames. E~4>\|PLES The inventio | S f g her defi ned
by ref er entichis tymealyorganicmnngtus.dngiselid fogmpt ademperatyre belaw] n
preparati I1RRA° e

opar ent oot apfIEBERAbANTE s foipoRE2 Boiwer bl 18D %%%ﬂ?‘?dca?ﬁ%ns,
both to nmptcduceh pluaslity ﬁﬁelaaﬁiﬁ; pmtbﬁ)rppp}wanced) frarhéxoatid volegpeintsubgaritiatign t he
pur pose and I ntent of this, invention. %@ S are in percentages unI ess
of hen~~i sell s katogenas Moilﬂpfeesa&cr@ym@smw@e pmé@smmemwrﬁ@s@hw

D~ |~ar|e ducts
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20 may be used to generate the reaction products.

The inorganic halogen-containing component of the present invention is
typically an alkali halide, which may either be an oxidizer or an inert source of halogen
species. The component is preferably potassium or ammonium compounded with bromide,
bromate, iodide, or iodate. More preferably, the inorganic halogen-containing component

25 contains iodide or iodate, and most preferably the inorganic halogen-containing component
contains at least 50 weight percent potassium iodate. The iodates and bromates, which form
oxidizers, are dense materials that typically form free liquid prior to curing with the organic
binder system. The iodides and bromides, such as potassium iodide or potassium bromide, are
sources of halogen species that are not oxidizers.

30 Propellants, including potassium bromate, tend to accelerate combustion.
Accelerants, which may. be desirably used under certain situations, facilitate more rapid gas

generation and administration of the composition of flames. Thus, potassium bromate is
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typically only used in less than about 35 weight percent of the composition. Larger
amounts of potassium bromate in the composition tend to cause rapid combustion that
renders the composition less effective as a flame suppressant. Potassium or ammonium
iodate, however, combust relatively slowly. An increase in the combusting of the iodates

5 may be accomplished by also including a combustion accelerant, such as
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potassium bromate, in the composition. Measurement of the combustion rate and
optimization thereof are readily understood by those of ordinary skill in the art.

The binder system used in the composition is typically organic and includes
at least a binder, or binder resin, and a plasticizer. The binder resin includes at least one of
a curing binder, melt cast binder, or solvated binder, or a mixture thereof. The binder
system may also include one or more of a curing or bonding agent, an antioxidant, an
opacifier, or a scavenger, such as lithium carbonate.

Curing agents suitable for use with the invention may include hexamethylene
diisocyanate (HMDI), isophorone diisocyanate (IPDI), toluene diisocyanate (TDI),
trimethylxylene diisocyanate (TMDI), dimery! diisocyanate (DDI), diphenylmethane
diisocyanate (MDI), naphthalene diisocyanate (NDI), dianisidine diisocyanate (DADI),
phenylene diisocyanate (PDI). xylene diisocyanate (MXDI), other diisocyanates,
triisocyanates, higher isocvanates than the trilsocyanates, polyfunctional isocyanates, or a
mixture thereof. The amount of the curing agent needed is generally determined by the
desired stoichiometry between the curable binder and the curing agent. The curing agent is
typically present 1n an amount of up to about 5%. However, if a curable binder is used, the
curing agent is present from about 0.5% to about 5%.

When a curing agent is used, a cure catalyst 1s preferably included to
accelerate the curing reaction between the curable binder and the curing agent. Suitable
cure catalysts may include alkyl tin dilaurate, metal acetylacetonate, triphenyl bismuth,
maleic anhydride, magnesium oxide or a mixture thereof. A preferred cure catalyst is an
equal percent by weight mixture of each of triphenyl bismuth, maleic anhydride and
magnesium oxide. The cure catalvst, when used, is generally present from about 0.1 to 0.3
% by weight.

An opacifier may be used in the binder system, generally in an amount from
about 0.01% to 2% by weight. One suitable opacifier is carbon black.

Antioxidants may also be used in the invention. Suitable antioxidants may
include 2,2"-bis (4-methyl-6-tert-butylphenol), 4,4'-bis(4-methyl-6-tert-butylphenol) or a
mixture thereof. The antioxidant is typically present in an amount of up about 0.1 to 1% by
weight.

Whether or not these additives are included, the binder system as a whole

typically has a heat of formation of less than about 200 cal/g, preferably a negative heat of

- ll -
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polybutadiene acrylonitrile (PBAN), polybutadiene acrylic acid (PBAA), butacene (HTPB
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iron adduct), glycol azido adipate (GAP), polyglycol adipate (PGA), or a compatible

mixture thereof. Nitrous cellulose and nitroglycerin are two binder resins that are
15 yndesirable for use in a binder system of the present invention, as they tend to be
chemically and thermally unstable and thus unsuitable for use in fire suppression
compositions. The determination of the appropriate binder tvpe and other binder svstem
components, and amounts suitable for use therewith, will be readily understood by one of
ordinary skill in the art when selected according to the teachings herein.
20 The binder system may include a curative, typically present in about 1 to 3
weight percent of the organic binder system. and generally includes a plasticizer, typically
present in about 10 to 30 weight percent of the organic binder system. The heats of
formation for the curative and plasticizer must also be factored into the heat of formation of
the binder system when they are included. Any plasticizer with a suitably low heat of
25 formation may be used, such as tniacetin or di-octyl adipate (DOA). The curative must be
similarly selected, such as isophorone diisocyanate (IPDI). The heats of formation of

several preferred binders, curatives, and plasticizers are shown in Table I below.

TABLEI:
30

Approximate Heat of Formation of Binder System Components

" Material Heat of Formation (cal/g) Function
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Curative

20

A more preferred binder system includes PGA or HTPB with a triacetin plasticizer. The

: PGA/triacetin combination, for example, has a combined heat of formation of -2,500 cal/g.

The combination of the inorganic halogen-containing component and the organic binder

system typically produces a rubbery-like solid material that can be combusted to form

reaction products capable of suppressing flames.

25

The flame suppressing compositions, when used in the methods of the

invention, are combusted at temperatures between about 160°C to 1200°C, preferably about

300°C to 1100°C, to produce an effluent of primarily gaseous reaction products. These

reaction products typically contain H,0, CO, and a halogen-containing by-product of the

group selected from KI, KBr, I,0H, K,]I, and a mixture thereof. These reaction products are

30

applied to flames as discussed below to suppress the flames according to the present

invention. The type of halogen found in the halogen-containing by-product

13



2. The conposition of claim1, wherein the inorganic hal ogen contai ning
conponent conprises potassium brom de, potassium bromate, potassiumi odide,
pot assi um i odat e, anmoni um broni de, ammoni um bromat e, ammoni uhd Jenk 2092 or
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group consi sting of potassiumiodate, potassium bromate, potassi um bromn de,
anmoni um i odate, and a m xture thereof. 4. The conposition of claim1,
wherein the QegaRkGpdH Mdehors it RILEATRAGERNg BorRpSIRA! pre&st th BE fRinelsBFsEssie
curing binder, nelt" cast binder, solvated binder, or a mxture thereof; a
curative presemposinormbout 1 to 3 weight percent; and a plasticizer present
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hydr oxy-term nat ed 30 pol ybut adi ene, pol ybutadi ene acryloni'trile,
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conposi ti of claim1, wherein the reaction products of the S conposition

conpri se HzOs BestraipdingF Iall ogfers eohthe hicHYe Gyiepsiopiibereat| £4k0at 3 hying fe
group consi Stcf]jﬁxgeth'TD LemiBhe cénzlg_slhed% oﬁﬂgn fh ik ’F&M&tﬂ@%@@én pr%@uct;r{?)eﬂow

conposition o aintl, wherein the reaction products are In a _
subst anti al | yrpageshsckstuht 8 Shodrtubes Sappkalbatdntain & binerteoff 4 sitrea oriphengliaret hod

of suppressing flanes c ri, Sjng. U.comnbi ni ng_an i norgani c .
nal ogen- cont A RPHUELATONEILL ORI NGB o e B PR of (hf shogh duoe 3
t hereof , and adREdtsd 8 nRilfgIes oSis HRMeR Y. Mbraxhiaplk, vt 1dngiet theentbt shess
t han about15200 cal /a to forma solid caonposition; %{anerati ng a plurality of

reaction produetsisCABRPE hetimsniesiiande I af te dupaitart Cal fyillgHedsas cpgrigw of
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directing the reaction product effluent, and in a preferred embodiment to facilitate direction

20 ofthe effluent to the flame. One of ordinary skill in the art with knowledge of these devices
is readily able to select a suitable device for use with the present invention.

When the flame suppression composition is combusted to form the plurality
of reaction products, the reaction products are in a primarily gaseous form. The reaction
products are applied to the flame as with conventional flame suppression agents, i.e.,

25 typically near the bottom of the flame. The reaction products of the invention typically

enter the flame at a temperature of between about 160°C to 1200°C. Without wishing to be

bound by any particular theory, it is believed that the reaction products link with oxygen to

block the flow of oxygen into the portion of the flame. Flames are believed to involve a

combination of two reactions: (1) an endothermic reaction that produces free radicals from

30 a fuel; and (2) an exothermic reaction that provides heat to the endothermic reaction, where
the exothermic reaction is produced by the reaction of free radicals with oxygen. By

providing free radicals in the form of low or negative heat of formation reaction products,

- 14 -



12. The method of claim 11, wherein the gaseous reaction products are
generated by conbusting the conposition at a tenperature of about 160 Cto
1200 C prior to application to the at |east one flame. 13. Tht0 Jnen2@P2of
claim1 |, which further conprises reducing the velocity of the gaseous
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* g??Bzuoj d_ZTni d_Zzkf a\ U ca] ca] cal ca] cal] ca] ca] cal] ca] cal ca%caU] ca] cal ca
] caU] ca] cal] ca] cal] ca] caU] ca] cal] ca] cal] ca] caU] cal] caU] caBop/ 182pne@P@2 7 Tni
d_zkf a\ U] ca] cal] ca] cal] ca] cal] ca] c<a] cal] ca] ca

UV] ca] caV] cal caV] ca] cal] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] caU] ca] ca+,/0
HIL WO 99/25424 PCT/US98/24161

, - | vgkf " [ Uni d_zkf a\ UU] ca] calU] ca] caU] ca] cal] ca] caU] ca] cal] ca] ca] caV] ca] caV]c
a] caV] ca] caV] ca] caV] ca] cal] ca] cal] ca] cal] ca] cal] ca] ca

"+7d Zgi pr~y [ U
| cal] oal caul CALFA g bep kA Rb AR FRLA: bRk s Al RRhE R g coH o
. 2DFRV| vgkf ~ fiédrrakma the mkzayaad poald|deplktatpaential of the halogen in the halogen-
U cald cal cal] cathetlead sl oal e saihealge oalt cad cal caly cal caly cal ca
QU]agi q]~ys n B]c] W] U] calbgipblaaidifall elicaldhipdhan i detidkg akeal-dogatdncalGatdvent ¢
aUc ajc aUlc
aU] cal] ca] ca®) saishaphreetitauefeuh]cat Ufasbitoat frugightpasent, end ysorh ipfol@nb v 4t dsafica]
call cal call ol sabh sl of Weal saioahravhsalsadsadsian Gakoabhe dhgatbeal caU
]=@£ILEJ]JIVDQ\/] chb&TNsamJ@@abf&h]a H}e]séx&%iﬁ@hﬁ&r}sfa’i} dﬁ]rtk&]t@?']cﬂ&l]e&a}xﬂpﬁﬁu]ﬂbﬁﬁ{ﬂ]icm'_ hl ibit $hl] ca

cal] ca] cal] ca] cal] ca] caU] cal] ca] caU] ca] cal.ca] cal.caUl.ca] call ca- ._$ho
{vql gb] Xca] ] &\aqpéeéf,@aﬁ@arw]ge é&r&aﬂé@re&ﬁsgﬁ 3%*?@&]*@%%&1 @a]uéarHarUéjl&%] ca]
ca] ca] ca] ca] 6ahaR] mebh&AbrRl e GabEAes. The compositions of the present invention have
% L@"1[ $i.7| %9 wr mhc”~Xca] U] ca] ca] ca] ca] ca] ca] cafca] caj ca] ca] ca] ca] ca] calca]c
a] ca] ca] c&]"cé}f@a]agaima'mwsaar}asav]f@agnca]t@a]seq] ba pfesentod@Silipss ZEHpwicHtyXca]
] oo onl ool Earans akfB PSS ThERROR P B & )2 G ko c& () - @ 1058 &
()-L10% & ()-L10%'& ()-> def gt DC@FLO%& ()- 10%& ()-$S10%& ()-
10t 10t 10t< 10% & ()- @10% & ()- ,o0z[<bCl3"10%& ()- 10%& ()-3S
109%<& ()-1Y "10%<& ()-1"10% < <& ()-! EXdPEPLESaBhCY1F" 109%& () -
H109R () - !, #109<&' )5 ; U &' ( hia U & G ey
X 10%&'(% LFAS@BOC: 1ogr)%%}“?;‘?‘%égﬂ'&?&@%’&éggﬁ%%{%’% B0 (SRS % 4
109%& ()-3~™ %&E&?&fnlg)m detail ll@plé}?@t(o?-%ﬂé@@bh@%&h@;smﬁ the g&sa0%@venion. KGR bE) -
1'8:/&.1 ?)< ) i.oigéé)oa(/%%?épg%fg% )él o(ra$1:r~1}1rlil si;!ab }:ﬁ?i%/%g})at_ many modifications, both to materials and
10%&' () - 1<aBmetHodd.Ql& 9 priagtt Udchont defardid¥dofn) thy PHAIYEard inZenY SHEOA &tiloh- z#
t1109%& ()-2Zs"?~\:!1 7109& ()-! 4#10%& () - 210%&' ()- F1109& ()-/! 109%& ()-!I, T#10%
& () -zsbhCl " 18%igseights 2ru@ecytagsS1odeR Oy ovisnotesd. 10; 109&' () - L9- 10%& () - Q
=111 ""72[ <bC! SF! 10%@& () - #10%@&' ()-! #10%AA&' ()- y10%@& ()-'F ! 10%Q% () -
TF 1109 LE ()- """##K$$aBbCl f s$10%@& ()-f"

%ol )EXA_'\IPLES 139 FLAME SUP@LRE(S)SION COMPOSITIONS

A variety of flame suppression compositions, and the reaction products
generated by combusting the compositions, were prepared according to the invention
described herein and shown below in Table II. The compositions prepared included the
organic binder system and one or more of an inorganic halogen-containing component

25 containing the specific halogens of the present invention. The temperatures indicated are
the temperature at which the flame suppression composition combusts to generate the

reaction products for application to the flame.

30
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20. The method of claim 11, wherein the reaction products generated are
selected to comprise H,0, CO, and a halogen-containing by-product selected from the group

consisting of KI, KBr, ,OH, K,I, and a mixture thereof.
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